Edwardsiella ictaluri, first isolated in 1976, 2 is the etiological agent of enteric septicemia of catfish (ESC). The disease is capable of causing high mortalities in channel catfish (Ictalurus punctatus) and is considered the most significant factor affecting commercial catfish aquaculture. Outbreaks of ESC peak when water temperatures are 22-28 C. 13, 14 For successful treatment of fish exhibiting signs of ESC, immediate diagnosis and treatment with oral antibiotics are recommended while the majority of the fish are still feeding. 12 Currently, the only antibiotics approved for use with food fish in the United States are oxytetracycline (Terramycin) a and a sulphadimethoxine and ormetoprim combination (Romet-30). b However, there are reports of bacterial resistance to these antibiotics. 7, 11, 12 In addition, palatability problems have been reported with sulphadimethoxine and ormetoprim combinations. 8 An alternative treatment for ESC would be beneficial to the industry.
Previous in vitro research with fish pathogens indicates that most fish pathogenic bacteria are sensitive to the antibiotic florfenicol (FFC). Studies involving the bacterial species Photobacterium damsela (subsp. Piscicida), Vibrio anguillarum, Aeromonas hydrophila, Aeromonas salmonicida, and Edwardsiella tarda determined that the minimum inhibitory concentrations (MICs) were less than or equal to 1.6 g/ml for the isolates tested against FFC. The median MIC values of FFC for most pathogenic bacteria ranged between 0.3 and 1.6 g/ml. 1, 4, 5 Florfenicol was proven to be effective against some strains of A. salmonicida resistant to other approved antibacterial agents in aquaculture. 9 Because FFC is less likely to cause resistance, and has proven efficacious against many fish pathogens, it could be an effective treatment for ESC.
The objective of the in vitro studies was to assess the sensitivity of E. ictaluri to FFC in isolates from natural outbreaks and experimentally induced ESC infections. Fish cultured from the natural outbreak study had no previous exposure to FFC. Selected groups of fish in the experimental trials were exposed to varying dosages of FFC.
Twelve archived E. ictaluri isolates from channel catfish infected with ESC occurring naturally in commercial catfish ponds in Mississippi were selected arbitrarily for in vitro sensitivity testing from cases submitted to the fish diagnostic laboratory at the Thad Cochran National Warmwater Aquaculture Center (TCNWAC) in Stoneville, Mississippi, between 1994 and 1997. Before testing, the archived bacteria were removed from the ultra freezer (Ϫ60 Ϯ 10 C), allowed to thaw to room temperature, cultured on Mueller-Hinton Agar (MHA) c with 5% sheep blood, d and incubated at 25 Ϯ 2 C for 2 days. An abbreviated biochemical assay test was used for identification of the natural outbreak isolates. Representative colonies from each were removed from the blood agar plate c,d with a sterile swab and placed in sterile broth. The broth t was then used to inoculate the preset biochemical disks. e Results were interpreted and recorded as positive or negative according to the manufacturer's instructions. Control bacteria Escherichia coli ATCC 25922, f Proteus vulgaris ATCC 8427, g and Pseudomonas aeruginosa ATCC 27853 h were tested with the E. ictaluri isolates. All 12 isolates underwent agar disk diffusion susceptibility testing and MIC testing.
In later experimental studies, channel catfish were challenged by exposure to E. ictaluri. All fish mortalities were collected, and bacterial cultures were taken from the brain and posterior kidney of each fish using a flamed wire loop. The cultures were streaked separately on MHA c with 5% sheep blood d plates and incubated at 25 Ϯ 2 C for at least 2 days. Bacterial colonies on the plates, which appeared small (Յ2 mm), smooth, circular, slightly convex, nonpigmented, and weakly ␤-hemolytic, which is characteristic of E. ictaluri, 2 were tested for oxidase i and indole. j If these tests were negative, the bacteria underwent further biochemical testing. 3, 10 The biochemical assay used for the natural outbreak isolates was discontinued by the manufacturer, so the E. ictaluri cultured in the experimental studies under-went extensive biochemical testing by the use of an enteric/nonfermenter (E/NF) identification system k intended for aerobic gram-negative bacteria in the family Enterobacteriaceae. Representative colonies were removed from the blood agar plate c,d with a sterile swab and placed into sterile media supplied by the manufacturer. l Each test panel was inoculated, placed in an incubation tray, and incubated at 25 Ϯ 2 C for at least 2 days. One blood agar plate c,d was streaked with the same swab and incubated at Ն35 C. Results were determined and recorded as positive or negative according to the manufacturer's instructions. Control panels inoculated with Klebsiella pneumoniae ATCC 33495 m were incubated and read with each set of test panels. For comparison, 40 biochemical tests were performed using E. ictaluri ATCC 33202 n control organism. Bacterial cultures from 767 fish were identified as E. ictaluri, and were used for in vitro sensitivity testing.
Agar disk diffusion susceptibility testing was performed as outlined in the National Committee for Clinical Laboratory Standards (NCCLS) performance standards guidelines. 6 Edwardsiella ictaluri colonies were removed from the blood agar plate c,d with a sterile cotton swab and suspended in sterile media l to the density of McFarland 0.5 barium sulfate turbidity standard. o Sterile blood agar plates c,d were streaked with the swab over the entire agar surface while rotating to provide an evenly distributed inoculum of E. ictaluri. A sensitivity disk p impregnated with 30 g of FFC was placed in the middle of each plate within 15 minutes of inoculation, using sterile forceps. Plates were then incubated for at least 2 days at 25 Ϯ 2 C until the zone of inhibition was clearly defined because past research has indicated that zones are more clearly measurable for E. ictaluri at 48 hours. 7 The zone of bacterial growth inhibition (including disk diameter) was measured to the nearest millimeter with a certified caliper. Control plates containing E. coli ATCC 25922 m were incubated at 25 Ϯ 2 C and 35 Ϯ 2 C and observed after 16-18 hours according to the NCCLS guidelines.
The minimum inhibitory concentration testing was performed in accordance with the NCCLS approved performance standards guideline for the agar dilution susceptibility test, 6 with adjustments necessary for testing E. ictaluri. A stock solution containing 1,280 g/ ml of FFC was prepared. Florfenicol was then serially diluted in sterile distilled water at concentrations of 640, 320, 160, 80, 40, 20, 10, 5, 2.5, 1.25, and 0.625 g/ml. Each dilution was then poured into MHA c with 5% sheep blood d to final concentrations of 0, 0.002, 0.004, 0.008, 0.016, 0.03, 0.06, 0.125, 0.250, 0.5, 1, 2, 4, 8, 16, 32, and 64 g/ml. Two plates of each concentration were poured. Edwardsiella ictaluri colonies were suspended in sterile broth media q to the density of McFarland 0.5 barium sulfate turbidity stan-dard o (approximately 1 ϫ 10 8 to 2 ϫ 10 8 colony-forming units/ml) with a sterile cotton swab. One to two microliters of the inoculated broth was placed on the surface of duplicate blood agar plates c,d from the lowest concentration (0 g/ml on a control plate) to the highest concentration (64 g/ml). A second control agar plate (0 g/ml) was inoculated last to ensure that there was no contamination or antimicrobial agent carryover from the inoculation. Plates were then incubated at 25 Ϯ 2 C for 2 days and observed to determine which concentration completely inhibited the growth of E. ictaluri. The control bacteria used were E. coli ATCC 25922. f Controls were incubated and read at 16 to 20 hours according to the NCCLS guidelines. Results were determined as ϩϩ ϭ no visual inhibition of bacterial growth, ϩ ϭ scant bacterial growth observed, and Ϫ ϭ no growth observed. The minimum inhibitory concentration testing was performed on 12 isolates from natural pond outbreaks according to the methods outlined above, but only dilutions from 0.06 to 16 g/ml were used on 77 arbitrarily chosen E. ictaluri cultures from the experimental studies because the MICs for the natural outbreak isolates were consistently 0.25 g/ml.
After biochemical identification and sensitivity testing, each E. ictaluri culture tested was placed in the sterile broth q and incubated overnight at 25 Ϯ 2 C. Sterile glycerol r was added to the broth q containing each isolate to a final concentration of 10%. After standing at room temperature for 30 minutes, 1-2 ml was aseptically placed in a cryotube s before being stored at Ϫ60 Ϯ 10 C.
Formal NCCLS interpretive standards for the zones of inhibition were not formally established for E. ictaluri at the time of testing. Preliminary interpretive standards for FFC use in cattle, according to the manufacturer's insert (supplement to package insert 1442 antimicrobial disk susceptibility test system, Difco Laboratories, Detroit, MI), state that zone of inhibition breakpoints of 19 mm or more indicate that organisms are sensitive, 15-18 mm indicate that they are intermediate, and less than or equal to 14 mm indicate that they are resistant. The resulting zones of inhibition for FFC against 12 E. ictaluri isolates from natural ESC outbreaks ranged from 41 to 51 mm, with a mean disk diffusion of 46.5 mm. Edwardsiella ictaluri cultured from the experimental studies exhibited zones ranging from 31 to 50 mm, with a mean of 35.3 mm, well beyond the sensitive breakpoint for cattle pathogens. In support of the sensitivity results, the FFC MIC values for 12 E. ictaluri isolates from natural ESC outbreaks and 77 arbitrarily selected E. ictaluri cultures in the experimental studies were consistently 0.25 g/ ml.
In conclusion, zone of inhibition and MIC sensitiv- 
Detection of Tritrichomonas foetus by polymerase chain reaction in cultured isolates, cervicovaginal mucus, and formalin-fixed tissues from infected heifers and fetuses
Robert H. BonDurant 1 , Carlos M. Campero, Mark L. Anderson, Karen A. Van Hoosear Abstract. A rapid, reliable polymerase chain reaction (PCR) assay, originally developed for definitive laboratory identification of the bovine venereal pathogen Tritrichomonas foetus from cultures of male reproductive tract fluids, was used for testing the following: 1) cultured, geographically disparate trichomonad isolates, 2) formalin-fixed tissues from infected heifers and naturally infected fetuses, and 3) cervicovaginal mucus (CVM) from experimentally infected females. In 12 of 12 Western Hemisphere isolates of pathogenic T. foetus (isolated from outbreaks of clinical trichomoniasis or from screening surveys) and in 1 of 1 American Type Culture Collection strain of Tritrichomonas suis, PCR yielded a positive result, i.e., a 347-base pair amplicon in the 5.8S ribosomal RNA and internal transcribed spacer (5.8S-ITS) region of the genome, whereas cultures of Trichomonas vaginalis and Trichomonas gallinae did not produce a PCR product. The PCR assay was also positive in formalin-fixed, paraffin-embedded endometrial samples from 4 of 4 experimentally infected heifers, as well as in archived tissues from 2 of 2 T. foetus-infected aborted bovine fetuses that were submitted to the diagnostic laboratory from a natural outbreak. It was negative in fixed, embedded uterine tissues of 2 of 2 uninfected virgin heifers used as negative controls and in archived fixed gut tissue of a T. gallinae-infected pigeon. In another experiment, CVM aspirated from 4 of 4 experimentally infected heifers in the fifth or sixth postinfection week yielded a positive PCR product of the expected size, whereas CVM from 2 of 2 controls were PCR negative. Pending validation in larger clinical studies, the PCR assay for the 5.8S-ITS coding region of the T. foetus genome offers the prospect of definitive identification of this agent directly from CVM or from formalin-fixed tissues or when false-positive culture results are suspected.
Procedures used for the diagnosis of bovine trichomoniasis (trichomonosis) 17 by veterinary practitioners and diagnostic laboratories include culture of clinical specimens (genital secretions from cows and bulls and fluids from aborted fetuses) and, occasionally, use of other techniques such as serology 5, 8, 23 or immunohistochemistry. 2, 20 The specificity of the culture method has been presumed to be 100%, i.e., organisms that From the Department of Population Health and Reproduction, School of Veterinary Medicine, University of California, 1 Shields Avenue, Davis, CA 95616 (BonDurant, Van Hoosear), the Instituto Nacional de Tecnologia Agropecuaria, Balcarce, Argentina (Campero), and the California Animal Health and Food Safety Laboratory, University of California, Davis, CA 95616 (Anderson). 1 Corresponding author. meet the motility and morphologic criteria of trichomonads at the light microscope level are presumed to be Tritrichomonas foetus. 2 However, a recent report documents the presence of non-T. foetus trichomonads in smegma from virgin bulls presented for routine trichomonosis screening by culture of preputial scrapings. 4 This false-positive diagnosis, at least in virgin bulls, was based on culture of specimens in a commercially available self-contained medium a or liver infusion broth. To increase specificity, a nucleic acid detection system that could identify species-conserved DNA segments by polymerase chain reaction (PCR) was sought. Protozoan organisms such as Toxoplasma gondii, Trichomonas vaginalis, Trypanosoma cruzi, Babesia microti, and T. foetus have been detected by
